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Application of Bayesian techniques to reliability prediction of the structural elements of 
the electronic apparatus 

Anton Sl. GEORGIEV, Angel Z. TOSHKOV 

Faculty of Electronics, Technical University of Varna, Varna, 9010, Bulgaria 

Abstract In the clause are examined means for using of Bayesian method of approach to calculate of non-parametric 
empirical Bayes estimation of probability for flawless work of electronic apparatus. Existence of field of study of 
insensibility is fixed, e.g. existence of this field of study in the prior definition, corrections within of which don' t lead 
to corrections in estimations of probability for failureless work. 

Keywords: reliability of the equipment, three-parameters Wei bull distribution. 

1. Introduction 

Using a classical approach, the parameter the 
failure rate A. is assumed constant, but unknown and 
an estimate of A. computed by an estimation 
technique such as maximum likelihood or matching 
moments. Based on the statistical properties of the 
estimator, inferences regarding the true parameter A. 
are subsequently made. This means that classical 
interval estimation and hypothesis testing are based 
on inductive reasoning. Using the Bayesian 
approach, however, it is assumed that one has some 
prior knowledge regarding the parameter A.. 
Uncertainly regarding the true value of A. is treated 
by assuming that the true value of A. can be descri
bed by a probability distribution. Combination of 
observed data (or evidence) with a prior distribution 
(prior distribution relates to the knowledge or belief 
one has regarding A.) results in an updated posterior 
distribution for A.. Since a posterior distribution for 
the parameter A. is now available, the construction 
of probability intervals and hypothesis testing is 
necessarily based on deductive reasoning and con
sequently eliminates the need for constructing 
confidence limits. The Bayesian approach has often 
been a subject of controversy ever since it was first 
proposed by Bayes [1]. Bouissou, Martin and 
Ourghanlian [2] considered estimation of a safety
critical system including software: a Bayesian belief 
network for evidence sources. Tran, Murdock and 
Pohl [3] accomplished Bayesian analysis for system 
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reliability inferences. Raiffa and Schlaifer [4] and 
Jeffreys [5] were some of the early exponents who 
advocated the use of Bayesian techniques in statis
tical inferences. Literature concerning the application 
of Bayesian techniques to reliability areas first 
appeared in the early 60's. Some details of these 
theoretical works can be found in Ferguson [6] and 
[7], Bhattacharya [8], Drake [9), Higgins and Tsokos 
[10] and Visser and Maggio [11]. 

2. Theory 

The problem now arises as to what is the best 
representative value in the distribution of A. given r. 
which can be used as its estimate. This is dealt with 

by the specification of a loss function 'lf(A, ~ ) 
which gives a measure of magnitude of the error 

resulting from the specification of ~ as the estima
te when, in fact A. is the true value. One of the most 
commonly used functions because of its conveni
ence is the quadratic or squared error function gi
ven by 

(1) 

Even though, the choice of a loss function 

'lf(A, ~) is subjective, the motivation for the loss 
function given in (I) is that as long as the error is 
reasonable, the losses are of the same magnitude for 
both high and low estimates. The losses become 
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large when the estimate is grossly off the true va

lue. The Bayes estimator ~ is defined as that value 

of ~ which minimizes the expected value of the 
loss function (1) 

i.e. E('l') = i'I'O •. ~) f(A.,~)dA. . (2) 
. all ""/iUS 

of'). 

The value which minimizes the expected loss 
function given in (2) for the quadratic loss function 
(1) then gives the Bayesian estimator 

~= fA.. f(A.,~)dA.. 
all va/ULs 

of 'J. 

(3) 

which is the mean of the posterior density f(A.I t). 
Similarly, higher moments of · the posterior 

density can be evaluated to obtain the variance 

associated with ~ . 
A parameter free prediction of the reliability of 

the equipment can now be made by integrating out 
the parameter A. such that 

R* (t)= I R(tl A.).f(A.IDdA.. 
all valu.s 

of'). 

(4) 

where R(tl A.) is the conditional probability of survi
val of the element up to time t given that the failure 
rate is A.. 

3. A process of integrated reliability 
demonstration 

The process of integrated reliability demon
stration has some stages: 
• Takings element reliability information from 

design analysis; 
• Life testing of the elements; 
• Estimation reliability of the elements; 
• Reliability of the elements; 
• Extract prior reliability of the system; 
• System reliability demonstration objectives; 
• Developing the system reliability demonstra

tion test plan; 
• Reliability demonstration testing; 

• Estimation of the system reliability. 
An electronic apparatus (system) consists of 

eleven structural elements (modulus). When the de
sign for the elements has been finalized, life pre
diction is conducted on all these elements. Reliabi
lity information for the structural elements of the 
electronic apparatus is written in Table I. The pre
dicted fatigue life for every element is written in 
line 2 (Tab. 1 ). 

Table 1: Date for Reliability of the Structural 
Elements of the Electronic Apparatus. 

El.einent N.!! 1 2 3 4 5 6 7 8 9 10 11 
Predicted fl!tjgue life, • • • • • • • • • • •• 23 2,3 • • • • • • • • • • • • • • • • •• 
tiine X 100h 

Life testing data, 
timex IOOh 

•. •...•• . .. 121,4 •. • ..... . .. • ..••.• 
.••.... • ... 142,2 .••• •• .•• ..•.••... 

.••••••••••• 158,5 •••••• •.• ••••••••• 

..•...••..•. 174,3 ••...•.•......••. • 
•••••••••••• 191,9 ••••••••. ••••••••• 
• ........... 217,2 •...••••..••.••••. 

Bayesian estimation of the reliability requires 
the prior life distribution of the elements J.(t) and 
the likelihood function of the elements h.(t). 

Based on experience, a logarithmic-normal 
distribution is a good presentation of the probability 
distribution of a element life. The following 
equation is the probability density function of a 
logarithmic-normal distribution. 

log 10 t-Il' 
( )

2 

!e (t)= 0,1733 .e- 1,41.cr' 
ta' 

(5) 

where t is the service time, cr' and J.l.' are the stan
dard and mean deviation of the logarithm of ele
ment life, respectively. The standard deviation is 
usually cr' == 0,2 for most structural elements, and 
mean deviation of the logarithm of element life J.l.' 
can be obtained by taking the logarithm on the pre
dicted life of elements. For ours example, the life 
logarithmic-normal distribution of the fifth element 
is 



A. Georgiev et al. I Conference Proceedings of the TEHNONA V 2006 447 

(
log 10 t-2,366 )

2 

f ( )- 0,1733 - 1,41 .0,2 
e t - .e 

t .0,2 
(6) 

When the prototype elements are available, 
six pieces are tested to failure for every element. 
The testing data is written in line 3 (Tab. 1). A 
three-parameters Weibull distribution is desirable to 
used to analyze the results of the system reliability 
estimation testing. The Weibull distribution shown 
in the following equation (7) is used characterize 
the element life distribution 

( 
t-xo )a-! (~)a 

h (t)- a Xa -xo .e xa-xo 
e - (xa -xo) (7) 

where a, Xa and x0 are the shape, scale and location 
parameters of the three-parameters W eibull distri
bution, respectively. The estimated parameters are 
written in line 4 (4', 4" and 4'") of Table I. 

When the prior distribution of element life 
and the likelihood function of conditional distribu
tion of element test are available, the posterior dis
tribution of element life can be calculated according 
to fundamental equation (8) in Bayesian theory 

F ( )
- he(t)Je(t) 

Pe t - _ 
fhe(t)fe(t)dt 
0 

(8) 

If we consider that the problem of elements 
none-fail operation probability evaluation is based 
on the results of the past tests and assume that there's 
a data bank, in which the elements analogue test 
results are being kept, we can implement the 
empirical Bayes approach, displayed in Fig.!, a 
none-fail operation probability value based on the 
current element test results is searched (DN are the 
related data), when considering the prior information 
(homogeneous or non- homogeneous) contained in 
the data bank. Fig. 2 illustrates the algorithm of 
work. The data packets, kept in the bank are 
numbered corresponding to their order of receiving 
D~z D2 . . . , DN. J· The expression of the problem of 
the elements none-fail operation probability 
evaluation is displayed in Fig. 2. 

Fig. 1 

Fig. 2 

Data for the 
reliability 

obtaining under 
testfug or the 
el!lborated 

element 
DN 

Data 

Bayesian 
non-panmetrlcal 

emperic:81 procedure 

Estimation or the probability for failureless 
wori(~h·~t 

R: and cr:. 
Rc 

Since there is no closed-from solution avai
lable, a numerical approach is employed. As an ex
ample, the above process for the fifth element is 
displayed in Fig. 3. 

0,015 

0,010 Prior distribution 

Fig. 3: Life testing density distribution, prior 
density distribution fe and posterior density 
distribution F Pe shown reliability of the fifth 
element 
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Since all of the eleven elements are critical to 
the function of the electronic apparatus, the reliabi
lity of the system is the product of the reliability of 
the elements. When the life data is available, the 
life of electronic apparatus should be equal the 
shortest element life. To obtain the life distribution 
of the electronic apparatus, the Monte Carlo simu
lation displays in Fig. 4 is used. The obtained pro
bability density and accumulative distribution func
tional of electronic apparatus life are displayed in 
Fig. 5. 

r-----~--~~--,--~~~~~·r-

1 

Random number IIILife distribUtion I 
( unitoriDty distiihuted) 1 ~ ei~rilent 1 J 

__.. 

I Life distribution of electroliit apparatus 

Fig. 4 

4. Final remark 

A methodological background of the transi
tion process from prior to a posterior information 
are the Bayes's theorems. The elements reliability 
evaluation method in prior information presence is 
being discussed in the present article. This method 
is based on the postulates of the empirical Bayes 
approach in the reliability theory. Some of the most 
interesting elements reliability application of Bayes 
procedure associated with the exponential and 
Weibull distribution are discussed. The authenticity 

of the empirical values obtained is being shown 
with the help of the methods of statistic modeling. 

0 ..• 
0 

Prior probability 
distribution function of 

electronic apparatus failun 

Prior probability density 
function of electronic 

apparatus failure 

t, xlOOh 

Fig. 5: Prior probability density distribution fe and 
prior probability distribution Pe shown reliability of 
the fifth element 

The presented concept is found on the Bayes 
principle to model the engineering design and de
velopment process. As the prior knowledge is based 
on a disciplinary engineering design and develop
ment process, the Bayesian approach is less subjec
tive than it appears. Besides, the conventional reli
ability demonstration is actually a special case of 
Bayesian reliability demonstration with a uniformly 
distributed prior knowledge. 
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